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Discussion. 
Capt. Douglas Capt. DOUGLAS GALTON asked if Mr. Morris could state  the cubic 

contents of his proposed reservoir as compared with  the  amount of 
water which it contained. 

~ r .  Morris. Mr. MORRIS replied that  the  total cubic contents would be 
175,000 cubic  feet, of which 162,000 cubic feet would be occupied 
by water. 

Mr. Hennell. Mr. T. HEHNELL said there  was  not much scope for  variation in 
the design and construction of service-reservoirs, and  there was, 
therefore, perhaps  not much that was new  in  the Paper. But it 
contained  a great  deal of useful  information, especially in  regard 
to  the cost of the different works, and would have been still more 
useful if the cost per 1,000 gallons  capacity had been stated. He 
had  ascertained  this for the various  reservoirs described, and  he 
found  that  the cost varied from S3 to 3% per 1,000 gallons of 
water stored. The cheapest was the reservoir at  Telegraph  Hill, 
which appeared to  have cost only S3 per 1,000 gallons. The cost 
of the Hampton, Kilburn,  and Woolwich Common reservoirs  was 
between S3 and 54 each;  the  Chislehurst reservoir ;E6 ; that  at 
Plumstead Common 25 6s. ; a t  Farnborough S5 17s. 6d. ; and  that 
a t  Shooter’s a i l1   S6 10s. It might  appear  at first sight  that  the 
larger  the reservoirs the less would be the cost in proportion to 
capacity,  but  that  did  not  appear  to be so in  the cases mentioned. 
Thus  the cost of the reservoir at  Kilburn, containing 6,000,000 
gallons,  was S3 16s. %d., and of that  at Woolwich Common con- 
taining 1,500,000 gallons, only 23 15s. In covered reservoirs  a 
brick  arch  and a  covering of 1 2  inches or  upwards of soil were 
considered necessary to keep the  water cool, and for other  pur- 
poses which a covered reservoir had  to  perform;  and  the  only 
variations which an  engineer could make  were in  the mode of 
construction  adopted  for the  external walls-the choice of columns 
and  girders or cross-walls for intermediate supports-and the mode 
of lining  the reservoir to keep it watertight,  that  being done 
either  by  rendering  with cement on the inside of the  tank,  by 
constructing a watertight  wall of concrete,  which  was difficult and 
not often attempted,  or  by  an outside lining of puddle. Probably 
in most cases the inside lining wa8 chosen, and it was  the one 
recommended by  the Author. Mr. Hennell  submitted  drawings 
of two  small reservoirs  which he  had constructed some years ago 
under  very different  circumstances. The one a t  Sudbury  (Fig. 1) 
had been built  about  twelve years. It was 55 feet  square, and  the 
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water was 15 feet deep. The outside  walls  were  constructed of Mr. Hennell. 
concrete and brickwork, the brickwork being a facing only tied 
into  the concrete. There were three  arches of 18-feet  span, 4 feet 
6 inches  high,  and 9 inches  thick.  The  intermediate  supports 
were  cast-iron  columns carrying cast-iron  girders. The reservoir 
was rendered inside with  Portland cement throughout.  There 
was nothing  remarkable  about  it,  but it showed the  way he 
should construct a reservoir in a country  where  materials for 
concrete were available ; in  that case they were got  out of the 

FIG. 1. 

SUDBURY RESERVOIR 
Scale 20 feet = 1 inch. 

FIQ. 2 

KETTERING RESERVOIR. 
Scale 20 feet = 1 inch. 

excavation. The reservoir would hold 300,000 galluns, and i t  
cost 5900, or S3 per 1,000 gallons  capacity. The  other reservoir, 
a t  Kettering  (Figs. 2 and 3) was built a year or two  later,  when 
work was more expensive, in a stone  country,  and  in a clay  soil 
where  materials  for  'concrete were not  to  be obtained  except by 
breaking  up stone, but  where  clay  out of the excavation was avail- 
able for puddle. It was built of stone, with a puddle wall behind, 
and a  puddle lining  under  the floor. It was kept  watertight  by 
means of the puddle, not being  rendered  inside throughout. Its 
capacity  was only 200,000 gallons, and  the cost, was %1,100, or 55  10s. 

D 2  
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Mr. Hennell. per 1,000 gallons  capacity. He  thought a lining of cement  inside 
was  the most desirable mode of keeping a  reservoir watertight,  but 
there  might be exceptions. A brick wall was easily  lined ; a stone 
wall, in consequence of the  irregularities of the surface, unless it 
was  carefully dressed, was  not so convenieutly  lined,  and  where 
cross-walls were adopted, the  lining, if complete, must  be  carried 
completely over the cross-walls, which made it necessary to  line 
a much  larger surface. Generally service-reservoirs  were built 
on hills, where  there was not  much  water  to contend with,  but  if 
there  was  much  water  the  internal  rendering was  no adequate 
defence against it. There  must be lining  at  the back to keep out 
the subsoil watcr when the reservoir  was empty,  and if one lining 
would  answer the purpose of course it was  not necessary to 
have two. But  where B puddle  lining was  adopted  he thought 
the mode in  which it was  constructed  very  important.  He 

FIG. 3. 
l 

1 
KETTERIX RESEI~VOIR. 

Scale 20 feet = 1 inch. 

thought  the  Farnborough reser- 
voir could not be very  safely 
constructed  if it depended  for 
its  being  water-tight upon the 
puddle  work only. Where a 
heavy  wall rested upon puddle 
it must of course compress the 
puddle, and as the  wall was built 
up and  the  weight increased, it 
must crack the corner  where the 
heavier  weight came upon the 
puddle, compressing the  part 
under it, and  not  the  vertical 

part  at  the side. He thought  that  might be avoided by  making 
no  part of the puddle lining vertical, but  putting it on a slope of 
1 to 2 .  That  was shown in  the piers of the  Hettering reservoir 
(Fig. 2). The wedge-shape form of the concrete pier caused the 
weight  as it came down to compress the side puddle as well  as the 
bottom puddle, and therefore t o  compress it throughout.  With 
this  and  other precautions in  the  working of the puddle, he 
thought a lining of that  kind would answer the purpose. An 
internal  lining,  though  very desirable,  was not necessary if the 
outside one was  required, and was properly constructed. 

31r. Burke. Mr. G. J. BURKE said that for  two  years, when  he  was engaged 
as  resident  engineer in Malta, on the  railway  recently finished 
there,  he  had  an  opportunity of studying  the  very extensive and 
important system of underground tanks  existing  in  the island. 
For four and a half  months in the  year, from the middle of May to 

Downloaded by [ DALHOUSIE UNIVERSITY] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



Proceedings.] DISCUSSION ON COVERED  SERVICE-RESERVOIRS. 37 

the end of September,  scarcely a drop of rain fell. The  averagc Mr. Burka. 
rainfall was about 17 inches,  and of that  at  least  nine-tenths  fell 
during  the remaining  seven  and  a  half  months.  The  watercourses 
during  the  dry season were  quite  dry,  and  the  island was  almost 
entirely  dependent  for its water-supply on the  water  stored  in  the 
reservoirs  during  the  rainy season.  Some of the reservoirs in 
Malta  were of very  large dimensions ; and one of them,  erected 
in 1841-2, the Coradino tank,  in Malka, was, he believed, the 
largest covered tank  in Europe.' Ita capacity  was 700,000 cubic 
feet,  nearly 4,500,000 gallons. There  were  very  few  springs  in 
the island. The principal  springs were in  the Bengemma range in 
the middle of the island.  Two  hundred  and thirty years  ago 
an  aqueduct was  constructed t o  convey the  water from them 
to  Valetta,  the  capital, and it was to  this  day  working  per- 
fectly,  there  being  an  abundant  supply of water  in  the cold 
weather,  but  a  rather  scanty  supply  during  the  hot  weather. I n  
the  vicinity of the aqueduct  during 
the cold weather  the  tanks  were  sup- 
plied  from its overilow. Fig. 4 repre- 
sented  a tank of the ordinary  type,  to 
be  found to  the  number of many  thou- 
sands in  the  orange  gardens  about the ; ' ~- 

island. It was dug  in  the solid  rock, 
and  he  had had the opporkunity of 
seeing it uncovered  for  repairs. It 
was 26 feet in  width  at  the bottom, 10 feet in  depth from the 
water-surface,  and 12 feet at  the  springing of the arch.  The  arch 
sprang on the  line  where  the solid rock ended and  the  surface 
clay commenced. The  tank was 72 feet in length,  and was only 
intended  for the  supply of a  small  orange  garden.  Wherever 
there were  valuable  gardens in Malta, and they  might be reckoned 
by  thousands,  there was  always  a  large  quantity of water  stored 
in cold weather  for the hot-weather  supply.  For  lands and 
houses  not close t o  the aqueduct the people  were  dependent in 
hot  weather on the water  gathered on the roofs of houses, in 
paved  court-yards,  and  other places. Probably  two-thirds of the 
inhabitants had t o  rely on that source of supply. He  had 
sketched the ordinary  form of tank  attached t o  every house. 
The dimensions of course  depended on the size of the house, 
and the area. of the roof supplying  the  water. To  every  house, 
large or small,  there  was  a  tank for domestic  purposes (Fig. 5) ; 

1 Minutes of Proceedings Inst. C.E., vol. ii. (1843), p. 140. 

FIG. 4. 

- .  
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Mr. Burke. and for every  garden,  large  or small, there was  a tank  to  supply 
water  to  the trees. The  tanks were always  dug  in  the solid rock, 
and  Malta  having been a t  one period the scene of considerable 
geological disturbance, the rock was  invariably fissured. It was 
very soft, cutting  like cheese, but on exposure to  the  air it made 
good building stone. The  tanks were made watertight  by means 
of rendering, composed of equal  parts of the  naturally  rich  lime 
of the  country  and of the  Italian puzzuolana. There were two 
kinds of the  latter imported, the Neapolitan and  the Roman. All 
the cracks and fissures were carefully  raked  out  and filled with 
concrete, and  the whole of the  interior surface of the  tank was 
carefully rendered about 1 inch  in thickness. As far  as  his obser- 
vations  went (and he  had seen many  hundreds of tanks),  the 
material  was  an excellent one for the purpose. These materials, 
however, were  not  thoroughly incorporated. They  were mixed 
and shovelled in  the  roughest  manner,  and  never  ground;  but 

for the  parpose for which it was used he 
should not desire a better material. He  had 

&-m-' never, or very  rarely, observed any cracks or 
flaws in  the cement in  the  tanks,  and  that 

-- might probably  be  ascribed to  the  fact  that 
i t  was laid on the  damp surface of the  natural 

- rock, and of course being  underground it was 
~ - '  not exposed to  the action of the sun or  the 

- wind,  but  was placed in  the most favourable 
condition for setting.  The  first Q mile of the 

Malta  Railway consisted of tunnelling  under fortifications. As 
originally projected the  tunnel  ran  through one of the  larger  public 
tanks, 112 feet  long  and 72 feet  in  width,  the  depth of water  being 
28 feet. The  extreme  height of the  tank  itself, from the floor 
to  the crown of the  arch,  was  about 40 feet. Instead of going 
through  the  tank,  as was originally  intended,  the  railway  was 
carried  round it. There  was  another  peculiar  tank  at  the begin- 
ning of the  railway,  and  there  was  an  underground  station  beneath 
it. The  tank  was  built  at  the same time  that  the aqueduct  was 
constructed, and it was now a service-reservoir for the  city of 
Valetta. It was altogether excavated in solid rock. There were 
ten  pillars  supporting  the  natural roof, and  the  depth of water 
was  about 8 feet. It was no exaggeration  to  say that  the whole 
island  was  literally honeycombed with  tanks,  large  and small, and 
that  the people were almost entirely  dependent on the supply of 
water accumulated in them. 

Sir Frederick Sir FREDERICK BRAMWELL, Vice-President,  said he  might be per- 
Brdmwell. 

FIG. 5. 
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mitted  to  supplement  the  statement of Mr. Burke by mentioning Sir Frederick 
the  way  in  which  water was  delivered from the  tank  to  which Bramwell’ 
he  had  referred as supplying  the  city of Valetta.  There were 
channels under  the footways, which  led from the  tank,  and  along 
which  the  water  ran,  therefore  under no piessure  whatever. 
There  was a wooden plug  in  the  channel opposite each house. 
Notice was  sent  that  water  was  wanted ; the  plug  was  drawn ; 
a little  stopping  was  put across the  channel ; the  water  then  ran 
into  the  underground  cistern of the house and filled it with  many 
months’ store. Then  another house was supplied in  the same 
way. When  they were all satisfied the  remainder of the  water 
went  into  public  tanks,  to  which  the women came with  their 
bright copper vessels and  drew  the  water  out of what were 
apparently wells, but  that  were r‘eally mere holes leading  into  the 
public  tanks, fed  from that most  picturesque rock-cavern main- 
tank  near  the  gate  at  the  entrance of Valetta. 

the  antiquities  in connection with covered tanks; otherwise a 
large  amount of information might be  supplied  respecting  them. 
He had no doubt  there  was  plenty of information in  the  Insti- 
tution as to  the Madre das Anguas a t  Lisbon, and also as  to 
the reservoirs under  the  temple  area  in  Jerusalem. Those were 
probably some of the  largest covered tanks  existing  in  the world, 
and  they were of very  great  antiquity. As the  inhabitants were 
dependent upon the  rain for the  supply of water,  tanks were 
necessary, and  the reason why  they  had been excavated  was to 
obtain  material for the construction of a house that was about 
to be built over them,  and  in accordance with  the  character and 
quantity of the  material  required  the  tank was  made large  or 
small  to  suit  the  number of inhabitants  that were likely  to 
live  in  the house when constructed, so that a two- or  three- 
storied house would have a larger  tank  than a house only one 
storey  high. In the excavations which  he made during a period 
of nine  months  in  Jerusalem,  nine  ancient  distinct  tanks,  but 
which  had been filled up  with  rubbish  and  ruins, were  found 
upon  the  walls of Zion, some of which were  immediately under 
the towers so well described by Josephus,  forming the excavations 
in  the  mountain itself, and  supplying  the  materials by which  the 
fortresses were constructed. The ‘‘ mountains round about  Jeru- 
salem ” were  entirely honeycombed with  these  extraordinary 
cavernous places. They were of greater  or less magnitude,  and 
were  the means of supplying  with  water  all  the  tribes who came 
up  to  Jerusalem  twice a year. They  had  all been excavated by 

Mr. HENRY MAUDSLAY supposed it was not  intended  to record &fr. Maudslay. 
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Mr. 3laudslay. manual labour, and probably the stones had been upheaved and 
taken  away,  not  blasted  in  the rock, but broken up from the rock 
itself  and  taken  through  an  aperture  in  the roof. Each had an 
opening  in  the  centre, which,  when the  cistern was in use, was 
covered with a  stone that could be  easily removed a t  certain 
seasons, so as to clean out  the cistern or  repair it with puzzuolana. 
The  lining of these reservoirs hewn  out of the  living rock was 
made by pieces of pottery  stuck on the face of the old work, or by 
new work, and  then rendered all over with cement made from 
limestone rock that  had been burnt  together  with some partion of 
the  pottery,  by means of which  cement the  walls  were covered all 
over and rendered watertight.  These records of the labours of 
the  Jebusites formed a very  interesting  result of the  investigations 
that  he  had  had  the honour of 'carrying out  in 1873 and 1874 in 
Jerusalem. 

&h. Marten. Mr. H. J. MARTEN directed  attention  to some covered reservoirs 
constructed  by himself in 1851, in connection with  the Wolver- 
hampton  waterworks,  and  which,  he believed, were amongst  the 
earliest examples of such reservoirs  since the  revival  in modern 
times of the method of storing  water for  domestic consumption in 
structures of that  description. The reservoirs in question  were 
situate  at  Goldthorn Hill, near  Wolverhampton,  and  the top- 
water  line  was 607 feet 6 inches above  Ordnance datum. These 
two  reservoirs  (Pig.  6)  were each 143 feet 3 inches in  length, 
79 feet 6 inches  in  breadth,  and 13 feet deep to  the  top-water 
line.  The one reservoir was  separated from the  other  by a 
solid rib of natural soil, 30 feet in  width,  and each  reservoir 
was capable of holding 750,000 gallons, or 1,500,000 gallons 
the pair.  They were constructed  with  brick walls, backed 
with puddle, and were covered with  brick  arches of two 45-inch 
rings, and of 12-feet span,  supported on longitudinal  brick 
walls. The  interior faces of all  the  brick  walls  and  the soffits 
of the arches  were lined  throughout  with Staffordshire  blue 
brick. The flooring consisted of a course of brick laid  flat on 
a layer of 3 inches of concrete, overlying one of 9 inches of 
puddle. The reservoirs  were advantageously placed, as the ex- 
cavations  for them were throughout  in sound clay. This  clay 
turned  out  to  be good brick  earth,  and  all  the red bricks required 
for  the  work  were made from it. The cost of these  reservoirs 
(without  land) was  52,602 Os. 3d., or 5 1  14s. 8d. per 1,000 gallons, 
which  he considered exceedingly low, even  for  those times. At 
present prices these reservoirs would cost 52  9s. 3d. per 1,000 
gallons. 

Downloaded by [ DALHOUSIE UNIVERSITY] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



Proceedings.] DISCUSSION ON COVERED SERVICE-RESERVOIRS. 41 

Last  year  he constructed  a covered reservoir of a  somewhat Mr. Marten. 
similar  character, for storing  the  supply of another town, the cost 
of which,  owing  to local circumstances, was 2 3  18s. 5d. per 
1,000 gallons. These examples, selected from others of the same 
mode of construction in  the  intermediate period, and  which 
showed, amongst  other  things,  the difference in cost due to  the 

FIG. 6. 

WoLVEEHAMPTON \VATERWORKS, 1851. 
Scale 20 feet = 1 inch. 

increased range of prices after  an  interval of thirty years, would, 
he considered, compare not  unfavourably  as  regarded cost with 
those described by the  Author;  although, of course, allowance 
must be  made  for the  higher  range of prices in  and  near  the 
metropolis. The reservoirs  were situated  about 4fr miles from 
the  principal  pumping  station,  and  the town of Wolverhampton 
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Mr. Marten. lay  about  half-way between  those points, and  drew its supply 
from the  principal  pumping,  or  town supply-main,  marked No. 1 
on the  plan (Fig. 6). The reservoirs  were also partially  supplied 
from a  secondary pumping  station,  through  the main  marked 
No. 2 on the  plan,  which, however, was unconnected with  main 
No. 1, except in so far  as  they  both  entered  and  terminated  in 
the  regulating  valve chamber, and were both commanded by  the 
regulating valve. 

Under the circumstances  named it became necessary to devise 
some description of self-acting  regulating-  or check-valve, to 
prevent  the  engines  at  either of the  pumping  stations from 
pumping  to  waste  after  the reservoirs had become full,  and  the 
regulating-valve designed by him to provide  for that contingency 
was shown in Fig. 7. The action of the  regulating-valve was as 
follows : when  the  engines  were  pumping more water  than  the 
town  was  taking,  and  the reservoirs were  not  full,  the excess 
water passed up  through  the double-beat  valve (which was then 
open) into  the reservoirs, and  this process continued until  the 
engines  had pumped sufficient water  to fill the reservoirs to  within 
6 inches of top-water line, at which  point  the wooden float began 
to rise. I n  so doing, by means of chains  passing over the  pulleys 
a t   the  top of the valve-chamber, the float gently  and  gradually 
lowered the double-beat  valve on to its seat, so that  when  the 
excess pumping caused the float to  rise  to  the  top-water  line,  the 
double-beat  valve became closed, and no more water could pass 
through it into  the reservoirs.  Assuming the  engines  to be still 
a t  work, the closing of the double-beat  valve caused the pressure 
to rise in  the mains. This  extra pressure, either  by  liberating a 
tell-tale  or  causing a discharge  through loaded escape-valves a t  
the respective pumping  stations,  indicated  to  the men in  charge 
that  the reservoirs were full.  The back-flap valves,  which  were 
placed below the double-beat va,lve, and  which opened from the 
reservoirs into  the  chamber below the cast-iron diaphragm,. came 
into action immediately upon the pressure being removed from 
behind  them on the cessation of the  pumping,  and  the  supply for 
the  town was then  maintained  entirely from the reservoirs until . 
the  engines recommenced pumping. 

It should  be  remarked that as the  water  drawn  out of the reser- 
voirs for the  supply of the  town caused the  level of the top-water 
line  to fall, the float descended, and  in so doing opened the double- 
beat valve, which remained open until it was  again closed by 
the reservoirs being filled from pumping  in excess of the  town 
demands. Mr. Marten  stated  that  the  regulating-valve  thus de- 
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scribed had been in successful and continuous  operation for the Mr. Marten. ' 

period,  over thirty years, during  which  the reservoirs had been in 

FIG. 7. 

VERTICAL SECTION ON A . B .  VERTICAL SECTION ON C . D .  

-- C D 

HORIZONTAL SECTION THRO' L.F. 

A 

HORIZONTAL SECTION TRRO' G .  H .  
B 

WOLTERHAXPTON WATERWORKS, 1851. 

REGULATING VALVES AND FLOAT CHAMBER FOR RESERVOIRS. 
Scale 4 feet = 1 inch. 

use ; and that,  with  the exception of replacing  the  original wooden 
float by a new one, it had  required no repairs. 

The reservoirs  themselves had also remained in a tight  and 
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' Mr. ;Marten sound condition, and  had  practically  required no repairs  during 
that period. I n  his opinion, the  best means of covering existing 
service-reservoirs was a point  deserving of attention,  as  many 
reservoirs in  various  parts of the  country now  open  should un- 
doubtedly be covered. 

He found from the  data  given  in  the  Paper  that  the cost of 
covering the  Dartford reservoir had been ;E1 1s. 8d. per  squarc 
yard,  and  that of covering the Greenwich Park reservoir was 
almost  identical, S1 Is. 7d .  per  square yard. The cost of covering 
the Deptford  reservoir, where  materials were at  hand  to  make  the 
concrete, had been 9s. 5d .  per  square  yard,  which  was  an exceed- 
ingly low  figure. A short  time ago he  had  to  prepare  an  estimate 
of the cost of covering a  reservoir having a surface area of 
13,266 square  yards, a depth of 1 7  feet, and a capacity of about 
10,000,000 gallons. He found  the  estimated cost for this work 
amounted  to  about &9,000, or 13s. 8d. per  square  yard,  and  he 
considered that reservoirs of that  magnitude  might  be covered, 

On this basis an  existing open  service-reservoir, capable of 
holding  about one week's supply,  might  be covered a t  a cost, 
including  interest on outlay  and  redemption  in  thirty years, of a 
little over one-eighth of a penny  per 1,000 gallons  supplied,  which 
was a charge of very  small moment compared with  the  advantages 
secured to consumers by covering. 

Mr. Rewlinson. Mr. R. RAWLINSOY, CB., thought  the questions to  be discussed 
were, what a service-reservoir ought  to be, what purpose it should 
serve, at  what  point of the works it should be situated,  and of 
what  character those  works should be. He agreed with Mr. 
Marten,  that  all  water  intended for domestic supply,  after  filtra- 
tion, should  be  stored in a covered service-reservoir, which  ought 
to be of a permanent  character ; and for that purpose  iron columns 
and  iron beams should be dispensed with. Economy might be 
obtained  by a use of iron ; but  not permanence.  Service-reservoirs 
and filter-beds  were not  always  put  where  they could be used with 
the  greatest  advantage ; as  they were sometimes placed imme- 
diately below the  impounding reservoir. The service-reservoir, to 
be of the  greatest use, should  be what  its name  implied, and  should 
be placed as  near  to  the  town  as possible, in the  best elevation 
that could be obtained, and it should  receive the  water  after fil- 
tration. I f  stone  was used  for the work, it should be stone  side 
walls  with  brick arches. He had  had  something  to do with  the 
construction of brick covered service-reservoirs, and  his  item of 
cost for a first-class permanent covered service-reservoir would not 

. so as effectually to exclude light  and  heat, for about  that cost. 
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be less than S5 per 1,000 gallons, or &5,000 per 1,000,000 gallons. &fr. Rawlinson. 
A covered reservoir a t  Widnes in  Lancashire, 330 feet long, 240 feet 
broad, holding 10,000,000 gallons, cost $38,973, or $389 14s. 7d. 
per 100,000 gallons. Of course something would  depend  upon the 
condition of the  site, as a reservoir might  have  to be constructed 
in  the face of difficulties : the subsoil might  not be as sound as 
could be desired, and  extra money would then  have  to be spent  in 
making it so ; but  that need not cost a very  large sum. He had 
worked  out  in  detail  the  relative cost of the reservoirs  named in 
the  Paper,  with  the following result :- 

DETAILS of COVERED SERVICE-RESERVOIRS. 

1 Dimensions. CO$ per 
100,000 

. 1 Depth. Gallons. 
Kume of Reservoir. ' I Length. 1 Breadth _.__-_-- 

l Plumstead Com- 
mon . . . 

3 Chislehurst 

4a 

4b 
5 

6 
7 
8 

1 I Top of Top of 
Slope Slope Deptford . 231) 120 

I ' Bottom' Botton 
(of  Slope'of Slop 

Ditto . . . 
Woolwich Cum-} 

100  160 

Telegraph Hili 200  100 
Cowlass Hill . 

Burton-on- 
155 240 Hampton . . 
175 300 Kilburn. . . 
125 125 

Trent . .}l( 2294 1502 
2244 1452 

mon . 

--___-____ 
Feet. d. B. S. d .  

.. 650,000 3,442 529 10  9 

13  300,000 1,948 649 6 8 
11  450,000 2,246  499  2 3 

oentgre ,l 
"'33" l 

S$ 1 > ~ , o o o ,  000 
Price for covering 

only 9s. 7d. per 
square yard. 1 

12 1 1,500,000 366 13  4 5,500 
14 ' 1,750,000 5,280 

290 18 2 8,000  2,750,000 12 
383  6  8 23,000  6,000,000 20 
586  4  3 8,207  1,400,000 15 
301 14 3 

21 4,000,000 15,000 375 0 0 

A covered service-reservoir then should be of enduring  material ; 
it should be placed so as t o  receive the filtered water,  and  to store 
it until it passed away  into  the town  for use. As to capacity, 
some engineers confined themselves to one day's supply,  whilst 
others imagined that  they should have more. That  might depend, 
if it was a pumping scheme, upon what  the  engine was, where it 
was  situate,  and  what  available resources there were to  prevent 
accillents and breakdowns. I n  some cases there  might be an inter- 
vening conduit, liable  to accident, and  then  the  storage reservoir 
might  have  greiter  capacity  to cover any  delay  in  repairing  the 
conduit. Some engineers  wanted  three days' supply,  others five 
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Mr. Rawlinson. days' and upwards. In  the case of the Croton conduit that  supplied 
New  York, the American engineers  had found great difficulty, where 
it was in the open, in  keeping it sound ; i t  was injured  by  the 
frost  in  winter,  and  where embanked it was liable to  subsidence 
and cracks. They were  now contemplating  the construction of 
works on a much grander scale, and it was their  intention to seek 
the solid ground,  and for the conduit  to be in  tunnel wherever this 
was available. The reservoirs which  had been  referred to were all 
rectangular. However, as a circle was  the  strongest form of con- 
struction,  and contained the  largest volume within  the  material of 
which it was composed, for the  sake of contrast  he  had  prepared 
the following details of the dimensions, capacity,  and cost of gas- 
holder-tanks  which  had been constructed in London within  the 
last  few years. One remon  for the difference in cost as compared 
with service-reservoirs might be that  the gasholder-tanks  were not 
covered, and  the  depth it would be  seen  was  much greater  than 
in  the service-reservoirs. It would not  always  be convenient to 
make a service tank of the  great  depth of the gasholder-tanks, 
because the head would vary  during  drawing for the  supply  to a 
considerable extent,  and  there  might  not be a site  available  to 
afford that head. The  limit of the  depth of tanks for water- 
supply would probably be 20 or 25 feet. For  strength and 
economy of construction he  thought  the circle preferable. 

NO. 

- 
l 

2 

3 
- 

DETAILS of GASHOLDER TASKS in LONDON. 

Name of Tank. 
Material-Concrete. 

Dimensions. 

Diameter. ! Depth. 

Feet.  Feet. 
South Metropolitau 218 539 

Commercial . . 223 

45 200 London . . . 
454 

----- 
Capacity in 

Gallons. 

-- 
12,485,658 

10,989,221 

8,839,285 

(%Et. 100,000 
Cost per 

Gallons. 

15,000 ' 136 9 11 

17,582 198 13 7 

With  regard  to  the mode in which  the  water  was passed into 
and  out of a tank,  he  had sketched two model plans. The  tank 
represented in Fig. 8 was entirely of concrete or rubble, and,  in 
plan  and section, it was  as  nearly as possible on the model of a 
Roman  work that  he  saw  at Sinope, on t,he Black Sea, built in the 
time of the  Emperor  Trajan,  which  was as sound at   the present 
time as on the day it was  built. It was  in  ruins,  not because 
the  materials fell away,  but  in consequence of the  wilful  inter- 
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vention of man,  probably during war. The  tanks described and Mr. Rawlinson. 
illustrated by the  Author were not of any  great capacity, or  worth 
much  notice as  entailing  any special difficulty. They were all 
indeed of a commonplace type,  and mere repetitions of previous 
forms of construction. There were, however, covered tanks upon 
a much  grander scale ; for instance,  large covered tanks  had been 
constructed by Sir Joseph Bazalgette, not indeed for  water,  though 

FIG. 8. 

SERVICE-RESERVOIR COBSTRUCTED IN COXCBETE, FROM A RONAN EXAMPLE AT 

SINOPE IN ASIA MINOR, THE INLET AND OUTLET BEING ADDED. 

Scale 20 feet = 1 inch. 

they  might serve that purpose, but for sewage. The  tanks of 
cast iron  might  last for  half  a century or so, but  let it be  under- 
stood that  they  must  not be  neglected. Stays  and tie-rods must 
be  seen to  regularly or there would be a break down. For  an 
elevated  tank, cast iron would outlast  wrought  iron;  but it re- 
quired more skill  to construct. 

I n  many places the service-reservoirs  were not covered ; this  was 
the case at  Dublin. In London all service-reservoirs have been 

Downloaded by [ DALHOUSIE UNIVERSITY] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



48 DISCUSSION ON COVERED SERVICE-RESERVOIRS. [Minutes of 

Mr. Rawlinson. covered by order of Parliament, if they  are  within  the metropolitan 
area,  and some of them were on a much larger scale than any of 
the examples  represented. It was  certainly  to be regretted  that  the 
metropolitan waterworks  engineers  had  not  brought forward plans 
and  details of their  largest covered service-reservoirs, It might 
be mentioned incidentally  that some local authorities,  supplied  by 
springs  or from deep  wells by  pumping, imagined that  the service- 
reservoir  need not be covered, and consequently the  water was 
exposed to  the influence of sun  and  air, which rapidly developed 
infusoria  and low  forms of vegetation  greatly  injuring  the  water. 
It should be fully understood that  pure  water was easily tainted, 
and was  liable  to become foul most rapidly, so that it was of the 
utmost  importance  to pass pure  spring  and deep wcll-water a t  
once into covered tanks  or covered service-reservoirs, to be  pre- 
served from dust, seeds of vegetation,  and  sunlight.  The  watcr- 
tanks  must however be fully  ventilated. 

sir Joseph Sir JOSEPH BAZALGETTE, C.B., Vice-President, remarked  that one 
Razalgelte. of the  tanks  to  which Mr. Rawlinson had  alluded was a t  a short 

distance from London, a little below Woolwich, on the  north side 
of the Thames. It covered 9fr acres, and  was capable of containing 
35,000,000 gallons. It was  not  intended for clear water,  but it was 
so const,ructed that it might  very  well be applied  to  that purpose. 
It was a covered reservoir, entirely of brickwork,  and before it was 
devoted to  the purpose  for which it was intended, it was occupied 
by members of both Houses of Parliament, who lunched in it,  and 
he believed that  the  general  feeling  was  that it was worthy of 
more honourable occupation, although  perhaps it could not be use- 
fully applied. The reservoir had cost 32172,000, or  about 325,000 
per 1,000,000 gallons. I t  stood upon a bed of peat 26 feet  in  depth. 
The piers,  therefore, that carried the arches had  to be taken down 
into  the  gravel below the  peat;  the reservoir in  fact stood upon 
stilts.  The foundations  were formed by  excavating a number of 
pits  through  the peat, and  filling  them  with concrete, and upon 
the concrete  piers, turning arches, which  carried  the  invert 
forming  the floor, and  then upon piers  arches carrying  the roof, 
so that  there were two floors of arches, one over the other. 
Besides that  arrangement,  the  figure  which  he  had named  included 
a number of sluice-gates, culverts,  and  iron pipes, constructed in 
the bed of the  river.  The second reservoir, to which reference had 
been made, was on the  south side of the  river, somewhat  lower than 
that on the  north side. It would contain 24,000,000 gallons, and its 
cost was 5123,000, or, as in  the  other case, about 55,000 per 
1,000,000 gallons. It was  constructed under  very much the same 
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conditions, and it included  the same additional works. The cost Sir Joseph 
was  therefore in excess, probably, of what it would  be under Baxalgette* 
ordinary circumstances. He  entirely agreed with Mr. Rawlinson 
that a  work of that  kind should not  be  constructed in  the most 
economical manner. It should, however, be constructed economi- 
cally,  consistently  with  being of a durable  and  lasting character. 
While it was  the  duty of an  engineer  always  to  have  regard  to 
cost, it was his first duty  to  have  regard  to efficiency. 

Bateman,  Past-President, differing  from any  which  had been 
described in  the Paper. The one was the Maligakanda  reservoir 
(Fig. 9) which was being constructed  for the  town of  Colombo, 

FIG. 9. 

Mr. W. FOX exhibited  two sections of reservoirs designed by Mr. Mr. Fox. 

WALL AXD ROOF OF MALIGAEANDA RESER'IOIR, COLOMBO \VATERWORKS. 

Scale 20 feet = 1 inch. 

for  holding 40 feet of water,  and  the  other was the  Baggerton 
reservoir (Fig. l O ) ,  having been constructed  for the  town of Forfar, 
entirely of concrete;  without puddle, rendering,  or brickwork. 
Colombo was  situated on ground  varying from sea-level to 70 feet 
above. There  being no higher  ground  in  the neighbourhood, it 
had been found necessary to make the reservoir  almost entirely 
above the ground-level, 30 out of the 40 feet of water  being abova 
that level, and  the top water being 100 feet above the sea-level. 

[THE INST. C.E. VOL. LXXIII.] E 
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Bfr. FOX. The  reservoir  was 191 feet  square,  and  when  full  contained 
9,000,000 gallons. It was  made entirely of concrete.  The  walls 
were built of concrete  blocks, the  hearting  filled  in  with concrete, 
and  the bottom  rendered with &-inch  cement  rendering. The walls 
were 35 feet  high, 21 feet 6 inches  thick at   the bottom,  and 4 feet 
6 inches at   the top  water-level. I n  order  to  obtain  lightness  and 
prevent  the  heat  getting  through,  there  were  two roofs of cement 
concrete 9 inches  thick,  about 3 feet 9 inches apart; carried  by 
columns and  girders.  The columns  were 16 feet from centre  to 
centre,  and  the  span of the roof was 16 feet.  The  Baggerton 
reservoir  (Fig. 10) was  not covered, but it might be,  if  necessary. 
It was 110 feet  square  and 18 feet  deep, and  held 1,500,000 gallons. 
It was built on a hill,  sloping  from  north  to  south ; the  north  side 

FIG. 10. 

WALL A m  EBIBANKBIENT W BAGGERTON  RESERVOIR, FORFAR WATERWORKS. 

Sede 20 feet = 1 inch. 

of the  wall was about l 8  feet  out of the ground,  and  the  south 
side  was  entirely in  the ground.  The  foundations  were  in  hard 
rock,  which might  have been  expected  to  be  watertight,  but  un- 
fortunately it was not so. Some large  fissures  were found a t  
different  places.  The  bottom of the reservoir  was  covered with 
9 inches of concrete. The  wall was 7 feet  thick at  the bottom  and 
2 feet  thick  at  the top. The water  was 18 feet in  height,  and 
there  was  a  distance of 2 feet  between the top of the bank  and 
the top  water-level. The principal  feature in  the reservoir  was 
that it had been  made entirely of concrete,  without  anything  else 
to render it watertight,  and it had  been  proved to  be  perfectly 
watertight. It was filled for  a  week  without any appreciable 
diminution in  the level.  Care was taken  in  the  mixing of the 

Downloaded by [ DALHOUSIE UNIVERSITY] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



Proceedings.] DISCUSSION ON COVERED SERVICE-RESERVOIRS. 51 

concrete, the proportion being 5 parts of stone and  sand  to 1 part ?.fr. FOX. 
of cement, and special  care was  taken  in  joining one layer  to 
another. No doubt  by  making  the concrete 7 or 8 parts of stone 
and  sand  to 1 part of cement, and  by  rendering, some saving 
in cost might be effected, but  there was always  the possibility of 
water coming through  at  the back, and  pushing  the cement Ten- 
dering off; for it should  be remembered that  not  only  had  the 
water  to be kept  inside  the reservoir, but  there was  a good deal 
of water outside that  might percolate through. He  thought  that 
wherever it was possible, it was  better  to use concrete without 
puddle  to build  upon, and  without rendering. Some doubt had 
been  expressed  as to  whether  watertight work could be  obtained 
by  this means, but it had been proved to be so in  the case to  which 
he alluded. The cost of the reservoir,  holding 1,500,000 gallons, with- 
out  the roof, was 53,000. With  the addition of a roof, at  a cost of 
about 209. per  square  yard,  the  total cost would be about 54,000, or 
32'2 13s. 8d. per 1,000 gallons. Hewas  unable  to  state  the cost of the 
Maligakanda reservoir, but it could hardly be compared with  the 
others, because it was  being constructed in Colombo, where  mate- 
rials,  especially the cement,  were  much more expensive than in 
England.  For covered reservoirs in  England  he  had found it 
cheaper  to make  a  reservoir with columns and  girders  than  with 
brick piers and  intermediate arches, because what  was  lost  in  the 
extra expense of the  iron  was saved in  the  extra expense of the 
floor, the  extra  length of the wall, and  the necessarily greater area. 
As a roof, the most economical size was from 14  to  16  feet  span, 
with 9 inches of brickwork for  the arches, and from 14 to   l 6  feet 
from  column to column in  the  other direction. 

in  the  Paper,  was  rectangular,  with  flat sides, and  that  the reser- 
voir at  Cologne was cylindrical. In  elevated reservoirs he  thought 
the circle had  great  advantages over flat sides. The serious element 
in  all  large elevated  flat-sided tanks  was  the  staying.  The  stays 
must be  exceedingly numerous, and  the  failure of even one would 
in some cases lead to  the  fracture of the plates near  it, or of other 
stays successively. During  the  last seven or  eight  years  he  had 
had  the  opportunity of making  three  or four  circular  elevated 
reservoirs, and he had sketched the  outline of one of them  which 
was  about  to be constructed at  Lymington  (Fig. 11), which 
he regarded  as  typical of the plan that should be adopted with 
large  tanks. It was to hold only 75,000 gallons, but  the dimen- 
sions might be increased to  any  extent  in  either direction. . It was 
30 feet  in diameter, and  the bottom and  top were segments of 

Mr. W. E. RICH observed that  the Breslau reservoir, described Mr. Rich. 

E 2  
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Mr. Rich. a sphere, 54 feet in  diameter. The sides  were  constructed with 
-& inch  wrought-iron  plates a t   the  top, and # inch  plates  in  the 
bottom rings.  The  spherical bottom was &inch thick  throughout. 
The roof was  like  that of a gas-holder, and constructed entirely 
of -& inch plates. The  plates  were  riveted  together as in ordinary 
boiler  work, There was  no girder  whatever,  and  not a  single stay. 
The side-plates  were carried below the  spherical  segment forming 
the bottom, and  terminated in an  annular  foot 12 inches wide, 

FIG. 11. 

n n 

LYMINGTON. 

which rested on the  centre of a circular wall. The  tower which 
carried it was 30 feet  high. Access to  the  interior  and  top of the 
tankwas  obttined  through a vertical ladder-way, 2 feet 10 inches 
in  diameter,  in  the  centre of it, and floors were put  in  the tower, to 
utilise it as a store or dwelling-house. The cost of the tower and 
tank,  with ladders, cocks, and  fittings complete, was 51,527, or 
about $20 per 1,000 gallons. The  largest  tank of that description 
which  he  had seen was one at  the  Hague, constructed by Mr. 
Waldorp, of Amsterdam. It was capable of holding about 450,000 
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gallons, and  was placed in a very  ornamental tower, which was Mr. Rich. 
carried  to a height of about 100 feet above the sand hills. He 
was  partial  to  the circle also for underground reservoirs, and  he 
believed greater  strength  and freedom from risk of local settle- 
ments  might  generally be  obtained by  the adoption of it,  together 
with  greater economy of brickwork and materials. The bottom 
of a circular reservoir might  prudently be  raised to  the  natural 
surface of the  ground,  where  the  greatest  height possible was 
desired, and  under  such circumstances  much less backing  was 
necessary than for a rectangular reservoir at   the same  elevation. 

FIQ. 12. 

CLUMBEIZ. 

To illustrate  his views, he  had shown, in Fig. 12, a circular brick- 
in-cement  reservoir of 60,000 gallons,  constructed by his firm a t  
Clumber three  years ago. For  reservoirs of larger  capacity it was 
only necessary to  add  additional concentric rings of arches, as 
indicated in  dotted lines. With  regard  to  the question of making 
reservoirs watertight,  the old fashion seemed to be to depend on 
a puddle  lining outside the  structure of the reservoir, and  he  had 
seen cases where  the  puddle  had been obtained, a t  a oonsiderable 
cost, from a distance  to  construct reservoirs in  that  way;  but  he 
doubted whether it was  a good material, except in  special cases, 
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Mr. Rich. to  found a reservoir upon. Puddle  was a yielding  material, while 
the  brickwork  inside it had  very  little  elasticity  about it ; its 
density  varied  with its moisture or dryness, and it was liable 
to crack. With an unfortunate crack in  the puddle behind  the 
brickwork it was  extremely difficult to  identify its position and 
repair it before serious damage was done. He  thought  the  right 
position  for making a reservoir watertight was on the inside 
rather  than on the outside, or in  the middle of the wall. He had 
constructed  reservoirs with a key of Portland cement in  the 
middle of the brick-in-cement wall,, but carelessness on the  part of 
workmen, when  not  under supervision,  made this  arrangement 
unreliable. He  had seen reservoirs attempted  to be made water- 
tight  with concrete and brickwork in cement alone, but he believed 
that none of them were watertight.  Where  there was a good 
foundation  he considered there  was  nothing more economical than 
a brick-in-cement  reservoir, carefully  lined  with one thick  and 
one thin coat of Portland cement rendering. An inside  lining, 
of impervious blue bricks or tiles  laid  in cement, would do as well, 
but  had no advantages over good cement rendering. One of the 
diagrams showed Borne elaborate ventilators connected with  the 
reservoir a t  Berlin. He believed that  that reservoir  was the only 
one in  the  Paper  having  such  ventilators,  but  in many  reservoirs 
ventilation seemed to be considered a very  important  matter.  He 
thought  that  the less ventilation  and  light  there were the  better. 
So long  as 'each arch was ventilated  nothing more was necessary. 
Reservoir fittings were frequently  much more elaborate than 
was necessary, and  in  small reservoirs they added  seriously to 
the cost. He  had seen one instance  recently where the  fittings 
for a reservoir of 500,000 gallons capacity were estimated to cost 
S750, while  the chambers for receiving  them would cost something 
like 5250 more, thus  adding 51,000 to  the cost, where S100 would 
have provided equally effectire arrangements. 

Mr. Crampton. Mr. T. R. CRAMPTON said his  attention  had been  directed to 
a small domed reservoir he made twenty  years ago, of which 
he  might  be  permitted  to  give a sketch, as it contained some 
points  which  he  thought  might be useful at  the  present t.ime. 
The reservoir had  to be  made above the surface,  for 15 feet head 
of water. It was on a chalk soil. The surfaoe was  cleared out 
about 18 inches or 2 feet;  the fissures in  the rock were  scraped  out, 
and filled in w-ith good concrete, the bottom being  simply  two 
layers of brick on the  flat  in cement. It was 30 feet in  diameter 
inside, and 17 feet deep, being 15 feet  out of the ground. Tho 
thickness of brickwork at  the bottom was 18 inches, tapering  to 
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45 inches at  the  top,  and constructed entirely  without  centering, Mr. Crampton. 
the whole  inside being  rendered  with  Portland cement 8 inch  thick. 
It never  leaked a drop. The  tank  was  entirely of plain brickwork 
and covered with  earth, and he did not see why it should not  last 
for ever. It might be seen at  Broadstairs  near  the  railway  station. 

reservoir holding 300,000 gallons, for the  supply of a town  in 
Wiltshire. It was in the Oolitic formation. The excavation was 
14 feet  in  depth.  The rock was faced with 2 feet of concrete, 
and  the covering or roof was carried by means of a series of brick 
piers, similar to  those  represented in Fig. 8. Each of the piers 
was 2 feet 3 inches by 1 foot 6 inches. The  spans were 8 feet in 
one direction, and 12  feet  in  another,  the reservoir being covered 
in by a roof  of 9-inch brickwork in  cement, with concrete on the 
haunches of the arches, and a layer of earth over the whole. The 
cost was  51,200, or about 5400  per 100,000 gallons. Considering 
that  the work was  carried out  in  hard rock, he  thought  the cost 
would compare favourably  with  that of many works to  which 
reference had been made. The  material used for the concrete was 
5 parts of broken stone, 2 parts of sand, and 1 part of Portland' 
cement. Some of the beds in  the  upper Oolite  were very  hard 
indeed,  but  they  had been  broken up, and formed excellent con- 
crete, and he  thought  that  the work would stand as long as any 
of those  described in  the Paper. 

pended largely  upon  the  varying circumstances of the case. The 
Kew Cross reservoir was  the cheapest of any of those  mentioned 
in  the Paper,  but  there was very  little difference in  the construction 
of that reservoir and  the reservoir a t  Farnborough, except that it was 
larger,  and  therefore  had  the  advantage of not  having so much out- 
side work in  proportion to  the contents. The difference in cost at  
Farnborough arose from the reservoir being in a very inaccessible 
place, so that it was necessary to  lay down a line of railway  to convey 
the  materials  to  the site. With  regard  to  the question of rendering 
or  puddling,  he  thought  that  where  there  was a perfectly solid 
foundation, there  was  no occasion for  puddle;  but it might  be 
properly employed  where the foundation was rather treacherous, 
and there  was a possibility of some settlement. I n  his model he 
had  left  out  the  pddle, on the assumption that  the foundation  was 
good, and  that  there  was no fear of settlement. He  thought  that 
Mr. Rawlinson was  rather  hard upon the reservoirs shown in 
the diagrams. No doubt  he  meant  that none of them would be 
referred to, say in the  year 3,000, as samples of the  gigantic  works 

Mr. HENRY ROBINSON observed that  he  had  just finished a service- Mr. Robinson. 

Mr. W. MORRIS, in  reply, said that  the cost of reservoirs  de- Mr. Morris. 
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Mr. EiIorris. executed in  the  present  day.  That was perfectly  true;  but  the 
works  were not  contemptible on that account. He  did  not 
think  that a large service-reservoir was necessary where  pumping 
was used in  connection with  the  waterworks, because only a 
limited  quantity of water  was  required  to be held  in store. To 
provide for any difficulty, such  as  the  pumps  breaking down, or 
any accident of that  kind, it was  desirable to  erect a duplicate 
engine,  which could be done a t  much less cost than  that  which 
attended  the  building of a large reservoir. He had no doubt 
that some day monumental reservoirs, worthy of the  admiration 
of posterity, would be constructed in connection with  the  water- 
supply of London, but  that would be when i t  passed out of the 
hands of trading companies. The difference in cost  between water- 
tanks  and gas-holder tanks  was mainly accounted for by  the  greater 
depth,  and also by  the  fact  that  the gas-holder tanks  were  not roofed 
over. He believed the reservoir at  Crossness was  somewhat  similar 
in construction though much larger  than  the  Kilburn reservoir. 
With reference to  the peculiar arrangement shown in  the  diagram 
of the Vienna  reservoir, it would be seen that  the reservoir 
was covered with cross-vaulting, but a number of division  walls 
had been built between the piers, in  order  to compel the  water  to 
take a  circuitous course, so that none of it might become stagnant, 
that  being considered a great point in  Germany.  The same thing 
had been worked out in  Frankfort,  but  in a different way. There 
were there a number of arches simply  supported upon cross-walls, 
and  at  the ends alternately  there  were openings by  which  the  wat,er 
passed backward and forward through  the reservoir. He had not 
seen anything of the  kind  in  England. Reference had been  made 
to  the  ventilating  arrangements for the  Berlin reservoir. That 
was really a covered filter-bed, being covered with a  series of domes, 
resting upon cross-ribs. The openings going  up  to  the surface  were 
windows intended  to  admit  light when the filter-bed was  being 
cleansed. I n  winter, unless  these  filter-beds  were covered, they 
could not be cleansed on account of the ice. A considerable 
amount of ingenuity  had been displayed in  the  ventilation of the 
Charlottenburg reservoir,  which  was  supplied with  water derived 
from some wells sunk  near  the  Tegel lake. The  water contained 
a fungus,  or alga, called Crenotlwix polyspora, and a number of 
ventilators were erected because it was thought  that  the algm 
flourished in  the confined atmosphere of the reservoir. It ap- 
peared,  however, to be the opinion of Borne of the  speakers  during 
the present discussion, that  ventilation  was more likely  to produce 
growths of that  kind  than  to  restrain  them. 
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